This study examined the multidimensional nature of the association of stunting, wasting, and underweight for children below 5 years of age in India using data from the National Family Health Survey (NFHS)-3 (2005)(2006). Multiple correspondence analysis (MCA) was applied to examine the association of the indicators. Additionally, log-linear model was used to fi nd out the model of best fi t to examine the nutritional status of children. It was found that underweight is associated with both stunting and wasting, whereas there was no consistent pattern of association between stunting and wasting. The results also confi rmed that children suffered from multiple anthropometric failures. The results showed that height-for-age, weight-for-height, and weight-for-age taken together give the model of best fi t for analysis of nutritional status. The study concluded that the three indicators of nutritional status should be considered simultaneously to determine the percentage of undernourished children.
The nutritional status of children is an important indicator of health and development. In developing countries, malnutrition is a widespread problem, being an underlying cause of more than 2.2 million child deaths and one-fi fth of disability-adjusted life years lost. 1 Therefore, one of the major objectives of the Millennium Development Goals is to reduce the proportion of malnourished children through the reduction in poverty and hunger. In India, out of the total children below 5 years of age, almost half are stunted, one out of every fi ve is wasted, and 43% are underweight. 2 Earlier studies also reported that India has the largest number of undernourished children (63 million) in the world. 3, 4 According to a recent United Nations Children's Fund (UNICEF) estimate, India accounts for 31% of the developing world's children who are stunted and 42% of those who are underweight.
Stunting (low height-for-age), wasting (low weight-forheight), and underweight (low weight-for-age) are the three most commonly used indicators to examine the nutritional status of children. Stunting indicates longterm nutritional deprivation; it does not depend much on recent food shortages or shifts in economic conditions. 3, 5, 6 Wasting is an indicator for acute malnutrition and underweight is a composite index of chronic or acute malnutrition. 5, 7 While much has been written about the causes and effects of stunting and wasting in general, the relationship between wasting and stunting remain poorly understood. Little is known about the pathways, which lead to a child experiencing one or more of the conditions of anthropometric failure. Although height and weight are used to create anthropometric index, the three anthropometric indicators have their own limitations. 4 The use of weight-for-age as an indicator of nutritional status is recommended only in populations where accurate age information is available. 8 It is seen that children who are stunted are more prone to be wasted and underweight. This is possible that once a child is stunted, it is diffi cult to revise it in late childhood. 9 Children identifi ed with more than one form of anthropometric failure may have signifi cant impact on the growth and development of the individual and the country at large. In view of the wide use of the anthropometric indicators to assess the nutritional status of children, this study focused on the multidimensional nature of association of the anthropometric indicators. Better understanding of the nature of association among the indicators will help in developing focused interventions to improve child health and survival.
The present study is based on the Indian National Family Health Survey (NFHS)-3 data conducted in 2005-2006. The survey was coordinated by the International Institute for Population Sciences (IIPS) and Macro International under the stewardship of the Ministry of Health and Family Welfare (MoHFW), India. The urban and rural samples within each state were drawn separately following a multistage sampling design. In each state, the rural sample was selected in two stages and urban sample in three stages. NFHS-3 collected information on height and weight of 51,555 children below 5 years of age. Additional information on sample design, including sampling framework and sample implementation, are given elsewhere. 2 Children below 6 months of age were excluded from this study, assuming that till the age of 6 months breastfeeding is the main source of nutrition and they will be less affected by other socioeconomic conditions of the household. The anthropometric indicators were compared with the World Health Organization (WHO) Reference Population (2006). Children whose Z-score was below -2 standard deviation (SD) from the median of the reference population were considered as undernourished (stunted, wasted, and underweight).
The study fi rst applied multiple correspondence analysis (MCA) to examine the nature of association among the three anthropometric indicators. Later, log-linear analysis was used to examine the model of best fi t to examine malnutrition from a 2 × 2 × 2 contingency table. To select a log-linear model that adequately describes the structure of the association between underweight, stunting and wasting, the study applied stepwise model selection procedures. Chi-square and G 2 statistics were calculated to examine the model fi t. Additionally, Bayesian information criterion (BIC) was used as model inclusion indicator. Lower the value of BIC, better the model in explaining pattern of association. In the fi rst step, unsaturated models were examined with all possible two-way and three-way interactions and fi nally, the saturated model was used to examine all possible interactions at the same time. In addition, the coexistence of anthropometric failure was examined for children from different socioeconomic backgrounds to support the fi ndings on the multidimensional nature of anthropometric indicators. Further, the states were classifi ed into six regions following the criteria used in NFHS-3.
The two-dimensional display of the six categories of stunting, wasting, and underweight obtained through MCA are given in Figure 1 . The fi gure showed that stunting and wasting lie in the second and fourth quadrants and their counterparts not-stunting, not-wasting, and not-underweight were in the fi rst and third quadrants. On the other hand, underweight lay at the border line of the second and fourth quadrants. Positioning of the points indicated that there was no association of stunting and wasting while underweight was associated with both stunting and wasting.
The study also observed that in India, children with Table 1 ].
The results indicated that out of the total undernourished children, one-fourth was identifi ed with both stunting and underweight and 9% have failed in all the three indicators. The results also showed that 24% boys and 27% girls were both stunted and underweight. Another 10% boys and 8% girls were identifi ed as stunted, wasted, and underweight simultaneously. It was seen that the percentage of children identifi ed as both stunted and underweight increased with an increase in age. On the other hand, the percentage of children being both wasted and underweight declined with an increase in age. The percentage of children with failure in all three indicators increased during 12-23 months of age and then declined.
It was also seen that the percentage of children with multiple anthropometric failures was high among the poor, children with less educated mothers, and children from households that did not use improved drinking water, cooking fuel, and improved toilet facilities. Households that did not use improved source of cooking fuel and improved toilet facilities had more than two times higher percentage of children with multiple anthropometric failures. The highest and lowest percentages of children who were simultaneously stunted and underweight were seen in the central and southern regions, respectively. The central region had the second highest percentage of children who were stunted, wasted, and underweight at the same time followed by the eastern region.
The likelihood ratios chi-square (G 2 ) and BIC from nine log-linear models for checking the association of nutrition indicators are reported in Table 2 . Model 1 is a baseline model, which assumed the marginal distribution of stunting, wasting, and underweight. Model 1showed the complete independence structure of components of the nutritional status with zero interaction terms. The G 2 and BIC indicated that the model did not fi t well. Model 2 provided the partial independence structure of nutritional status for children under 5 years. It included joint independence of undernutrition with interaction of stunting and wasting. The values of G 2 and BIC indicated that the model does not adequately fi t, i.e., underweight is partially independent of the combined effect of stunting and wasting. Similarly, Model 3 considered interaction terms of stunting and underweight with a marginal distribution of wasting. Moreover, G 2 and BIC indicated that wasting was independent of stunting and undernutrition. Model 4 indicated that stunting was partially independent of wasting and undernutrition. Models 5-7 checked the conditional independence of one factor with other two factors. The G 2 and BIC in Model 7 showed that, the goodness of fi t increased than other conditional independence models. Model 8 considered the interaction of each factor with other factors without an interaction term of all three factors. The values of G 2 and BIC indicated better fi t of the model than the above discussed models. The saturated model (Model 9) contained the three factors being analyzed and all possible interactions between these factors. On the basis of BIC and G 2 values, Model 9 was identifi ed as the best fi t among all the models discussed in the study. 10 The results of the study confi rmed the multidimensional nature of the anthropometric indicators of children.
Underweight was associated with both stunting and wasting but stunting and wasting were not interrelated. This indicated that stunting was not necessarily a predictor for wasting but for those children who were stunted in their early childhood, it would be diffi cult to improve in late childhood. The fi ndings on the association of stunting, wasting, and underweight were consistent with the fi ndings from past research. 8, 10 The results also suggested that the three-factor interaction model of stunting, wasting, and underweight was the best fi tting model to study the nutritional status of children. Thus, these three factors should be considered simultaneously to get an accurate representation of the nutritional status of children. Additionally, multiple anthropometric failures could occur to children with different socioeconomic backgrounds. Thus, the study concludes that the selection of indicators to examine the nutritional status of children should be specifi c to the goal of the study because no single indicator can give comprehensive information of the nutritional status of children.
One of the limitations of the study is that the data is cross-sectional in nature, which limits the ability to establish a causal relationship. Hence, it was possible that the short-term variations in weight due to some illness may affect the estimates. Additionally, some information on height was missing and some were out of the acceptable range; so we had to exclude all those information.
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